Abstract-MFEIT (Multi-Frequency Electrical Impedance Tomography) could distinguish between ischaemic and haemorrhagic stroke and permit the urgent use of thrombolytic drugs in patients with acute stroke. Two systems have been designed for this purpose: the IIRC EIT comprises a single multiplexed current source and 16 parallel recording channels and the UCLH Mk2.5 is similar but with a single impedance measuring circuit multiplexed to 16 electrodes. They record from 10 Hz to 500 kHz and 20 Hz to 1.6 MHz, respectively. The purpose of this study was to compare their performance in saline filled tanks, with a view to eventual use in acute stroke. Cylinders of banana, and potato, 20% of the diameter of a saline filled spherical tank, 10 cm in diameter, were imaged using time difference at different frequencies. Performance of the two systems was similar: both reconstructed images and derived impedance spectra corresponded closely to direct measurements. The spectral properties of banana and potato were respectively suitable as test objects for normal and ischaemic brain.
A comparison of Multi-Frequency EIT systems intended for acute stroke imaging

I. INTRODUCTION
One of the major recent advances in EIT has been the development of multifrequency systems which can permit characterization of tissue over frequency. MFEIT (MultiFrequency Electrical Impedance Tomography) has the potential to image changes in the brain due to conditions like acute stroke (L Horesh a 2004). It has the potential to distinguish between haemorrhagic and ischemic brain stroke in emergency situations where CT or MRI are not available, and so provide vital urgent neuroimaging which would allow the rapid use of "clot-busting" thrombolytic drugs. Development of this application has recently been a major goal in our group.
Two systems have been designed for this purpose: the IIRC EIT system comprises a single multiplexed current source and 16 parallel recording channels. The UCLH Mk2. 5 (Mc Ewan et al. 2005 ) is based on a similar single current drive and recording circuit, multiplexed to up to 64 electrodes. They record from 10 Hz to 500 kHz or 20 Hz to 1.6 MHz, respectively. In principle, the IIRC system might be expected to yield better images, as a multiplexer introduces measurement errors and was not present in the parallel recording circuits.
The purpose of this study was to compare their performance in saline filled tanks, with test objects of banana or potato, with a view to eventual use in acute stroke and establish whether these test objects are a reasonable comparison to impedance changes occurring during acute stroke. The capability for true multifrequency imaging was not available yet, so the systems were compared using time difference imaging at different frequencies. From the reconstructed images, conductivity spectra for the test objects across frequency were compared to direct impedance measurement using an impedance analyzer.
II. METHODS
Saline filled tank
A 2D cylindrical tank, 10 cm diameter and 8 cm high, with 16 stainless steel electrodes in a ring, was filled with 0.1% saline ( Figure 2 ). The test objects, 20% of the tank diameter,, and 5cm long, were cylindrical pieces of banana, and potato.
Direct impedance measurement
The complex impedance of 0.1% saline was measured in a Perspex tubes, inner diameter 10mm, and 50, 100 or 129 mm long. At each end was a silver chlorided disc electrode occupying the full diameter of the tube. All air bubbles were carefully eliminated.
Cylinders of banana (d=22 mm), potato (d=22 mm), of 3 different lengths of 50, 30, 20 mm were measured in a two-terminal mode with a HP 4284A impedance analyzer from 20Hz to 1MHz. This was connected to two plate electrodes between which the tissue sample was placed. The plate electrodes each measured (28 mm x 45 mm) and were connected to the HP analyzer by wires 10 cm long. The samples were measured longitudinally and at 22-23°C. As the direct measurement was in two terminal mode, calibration was performed by subtracting the intercept of resistivity against tube length, which yielded the electrode impedance. 
Imaging
Using a diametric protocol, 10 sets of 96 boundary voltages were collected for each measurement, with the UCLH Mk 2.5. Data was collected over 20Hz to 1.6MHz with an applied rms current of 293 μA. All channels were sorted, scaled to the voltages measured on a 33ohm resistor and averaged for all 10 sets of data. Using a diametric protocol, 10 sets of 96 boundary voltages were also collected for each measurement, with the IIRC EIT system over 10Hz to 500 kHz with applied current of 890 μA. All recorded data was averaged for all 10 sets of data. Measured data acquired during measurement were reconstructed using a time difference algorithm for each frequency, (L Horesh a 2004) . The conductivity profile, as a maximum of the impedance change due to test object placement was obtained for all test objects. Figure 3 . Time difference images for frequencies 100 Hz-500 kHz using the IIRC and the UCLH Mk2.5 systems. The lower graph shows the frequency spectrum of banana and 0.1% saline measured directly using impedance analyzer. (Gabriel et al. 1996a; Gabriel et al. 1996b; Gabriel et al. 1996c ) and conductivity spectrums of banana (yellow dashed line) and potato (khaki dotted line ) measured directly using an impedance analyzer.
III. RESULTS
Time difference reconstruction at 20kHz
Time difference reconstruction for each frequency
IV. DISCUSSION Imaging of the test objects has worked in a time difference at one frequency, time difference imaging for each frequency for both EIT systems and approximates well to the direct impedance measurements. For example, the centre frequency for banana was 10 kHz when measured directly and 12 kHz when using EIT.
The conductivity of ischaemic brain tissue increases by approximately 50% and in normal brain by 15% at 100 Hz compared to 10 kHz. The changes observed for these test objects suggest that banana, which changes by 20% over this range, and potato, which changes by 50%, provide reasonable test objects for ischaemic and normal brain tissue respectively.
Although first principles suggested that the parallel recording IIRC system should have yielded more accurate data, in the event there appeared to be no significant difference for this tank data. However, the advantages are likely to be more apparent in human measurements where skin impedance and stray capacitance are likely to cause more errors. We therefore plan to employ the IIRC system for further studies of stroke in humans.
